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PHOSPHINE OXIDE-BASED COMPOUND
AND ORGANIC LIGHT-EMITTING DEVICE
INCLUDING THE SAME

CLAIM OF PRIORITY

This application makes reference to, incorporates the
same herein, and claims all benefits accruing under 35

U.S.C. §119 from an application for PHOSPHINE OXIDE-
BASED COMPOUND AND ORGANIC LIGHT-EMIT-

TING DEVICE INCLUDING THE SAME earlier filed in
the Korean Intellectual Property Oflice on 14 Sep. 2012 and
there duly assigned Serial No. 10-2012-0102272.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a phosphine oxide-based
compound for organic light-emitting devices, and an organic
light-emitting device including the same.

Description of the Related Art

Organic light-emitting devices (OLEDs), which are seli-
emitting devices, have advantages such as wide viewing
angles, excellent contrast, quick response, high brightness,
excellent driving voltage characteristics. The OLEDs can
provide multicolored images.

A typical OLED has a structure including a substrate, and
an anode, a hole transport layer (HTL), an emission layer
(EML), an electron transport layer (ETL), and a cathode
which are sequentially stacked on the substrate. In this
regard, the HIL, the EML, and the ETL are organic thin
films formed of organic compounds.

An operating principle of an OLED having the above-
described structure 1s as follows.

When a voltage 1s applied between the anode and the
cathode, holes injected from the anode move to the EML via
the HTL, and electrons injected from the cathode move to
the EML via the E'TL. The holes and electrons recombine in
the EML to generate excitons. When the excitons drop from
an excited state to a ground state, light 1s ematted.

SUMMARY OF THE INVENTION

The present invention provides a phosphine oxide-based
compound having a novel structure and an organic light-
emitting device including the phosphine oxide-based com-
pound.

According to an aspect of the present invention, there 1s
provided a phosphine oxide-based compound represented by
Formula 1 below:

Formula 1

wherein Ar, to Ar, may be each independently hydrogen,
deuterrum, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,
hydrazine, hydrazone, a carboxyl group or a salt thereof, a
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2

sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereot, a substituted or unsubstituted C,-C, alkyl

group, a substituted or unsubstituted C,-C., alkenyl group,
a substituted or unsubstituted C,-C,, alkynyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a substituted
or unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C,-C,, cycloalkenyl group, a substituted or
unsubstituted C.-C., aryl group, a substituted or unsubsti-
tuted C,-C,, aryloxy group, a substituted or unsubstituted
Cs-Cqo arylthio group, or an N-containing electron with-
drawing group; a, b and ¢ may be each independently an
integer from 1 to 5; and at least one of a number of Ar,s, b
number of Ar,s, and ¢ number of Arys may be an N-con-
taining electron withdrawing group, wherein the N-contain-
ing electron withdrawing group may be selected from
among a substituted or unsubstituted pyrrolyl group, a
substituted or unsubstituted pyrazolyl group, a substituted or
unsubstituted 1midazolyl group, a substituted or unsubsti-
tuted 1midazolinyl group, a substituted or unsubstituted
imidazopyridinyl group, a substituted or unsubstituted 1mi-
dazopyrimidinyl group, a substituted or unsubstituted
pyridinyl group, a substituted or unsubstituted pyrazinyl
group, a substituted or unsubstituted pyrimidinyl group, a
substituted or unsubstituted benzoimidazolyl group, a sub-
stituted or unsubstituted indolyl group, a substituted or
unsubstituted purinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted 1soquinolyl
group, a substituted or unsubstituted phthalazinyl group, a
substituted or unsubstituted indolizinyl group, a substituted
or unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted cinnolinyl group, a substituted or unsubstituted inda-
zolyl group, a substituted or unsubstituted i1sothiazolyl
group, a substituted or unsubstituted 1soxazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted tri-
azolyl group, a substituted or unsubstituted tetrazolyl group,
a substituted or unsubstituted benzothiazolyl group, and a
substituted or unsubstituted benzoxazolyl group.

According to another aspect of the present invention,
there 1s provided an organic light-emitting device including
a first electrode; a second electrode disposed opposite to the
first electrode; and an organmic layer disposed between the
first electrode and the second electrode and including an
emission layer, wherein the organic layer may include at
least one of the above-described phosphine oxide-based
compounds.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention,
and many of the attendant advantages thereof, will be readily
apparent as the present invention becomes better understood
by reference to the following detailed description when
considered 1n conjunction with accompanying drawings in
which like reference symbols indicate the same or similar
components, wherein:

FIG. 1 schematically illustrates a structure of an organic
light-emitting device according to an embodiment of the
present 1nvention;

FIG. 2 1s a graph showing thermogravimetric analysis
(TGA) data of Compound 1 according to an embodiment of
the present invention;

FIG. 3 1s a graph showing differential scanning calori-
metric (DSC) data of Compound 1 according to an embodi-
ment of the present invention;
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FIG. 4 1s a graph showing spectroscopic analysis data of
Compound 1 according to an embodiment of the present
imnvention;

FIG. § 1s a graph showing cyclic voltametric analysis data
of Compound 1 according to an embodiment of the present
imnvention;

FIG. 6 1s a graph showing TGA data of Compound 2
according to an embodiment of the present invention;

FIG. 7 1s a graph showing DSC data of Compound 2
according to an embodiment of the present invention;

FIG. 8 1s a graph showing spectroscopic analysis data of
Compound 2 according to an embodiment of the present
invention; and

FI1G. 9 1s a graph showing cyclic voltametric analysis data
of Compound 2 according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Hereinafter, the present invention will become more
apparent by describing in detail exemplary embodiments
with references to the attached drawings regarding the above
features and advantages.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 1tems.
Expressions such as “at least one of””, when preceding a list
of elements, modily the entire list of elements and do not
modily the individual elements of the list.

According to an aspect of the present invention, there 1s
provided a phosphine oxide-based compound represented by
Formula 1 below:

Ar), Formula 1
| b\ (A
/' N\_I_/ %
Saa,
i

(Ar2)p

In Formula 1 above, Ar, to Ar, may be each independently
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group and a salt
thereol, a sulfonic acid group or a salt thereotf, a phosphoric
acid group or a salt thereof, a substituted or unsubstituted
C,-Cy, alkyl group, a substituted or unsubstituted C,-Cg,
alkenyl group, a substituted or unsubstituted C,-C., alkynyl
group, a substituted or unsubstituted C,-C,, alkoxy group, a
substituted or unsubstituted C;-C, , cycloalkyl group, a sub-
stituted or unsubstituted C,-C, , cycloalkenyl group, a sub-
stituted or unsubstituted C.-C,, aryl group, a substituted or
unsubstituted C.-C,, aryloxy group, a substituted or unsub-
stituted C,-C, arylthio group, or an N-containing electron
withdrawing group; a, b, and ¢ may be each independently
an integer from 1 to 5; at least one of a number of Ar,s, b
number of Ar,s, and ¢ number of Ar,s may be an N-con-
taining electron withdrawing group.

The N-containing electron withdrawing group may be a
monocyclic heteroaryl group or a bicyclic heteroaryl group
with two condensed rings, each group including N as an
essential ring member atom.
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4

For example, the N-containing electron withdrawing
group may be selected from among a substituted or unsub-
stituted pyrrolyl group, a substituted or unsubstituted pyra-
zolyl group, a substituted or unsubstituted imidazolyl group,
a substituted or unsubstituted 1midazolinyl group, a substi-
tuted or unsubstituted 1midazopyridinyl group, a substituted
or unsubstituted imidazopyrimidinyl group, a substituted or
unsubstituted pyridinyl group, a substituted or unsubstituted
pyrazinyl group, a substituted or unsubstituted pyrimidinyl
group, a substituted or unsubstituted benzoimidazolyl group.,
a substituted or unsubstituted indolyl group, a substituted or
unsubstituted purinyl group, a substituted or unsubstituted
quinolinyl group, a substituted or unsubstituted 1soquinoli-
nyl group, a substituted or unsubstituted phthalazinyl group,
a substituted or unsubstituted indolizinyl group, a substi-
tuted or unsubstituted naphthyridinyl group, a substituted or
unsubstituted quinazolinyl group, a substituted or unsubsti-
tuted cinnolinyl group, a substituted or unsubstituted inda-
zolyl group, a substituted or unsubstituted i1sothiazolyl
group, a substituted or unsubstituted 1soxazolyl group, a
substituted or unsubstituted triazinyl group, a substituted or
unsubstituted oxadiazolyl group, a substituted or unsubsti-
tuted pyridazinyl group, a substituted or unsubstituted tri-
azolyl group, a substituted or unsubstituted tetrazolyl group,
a substituted or unsubstituted benzothiazolyl group, and a
substituted or unsubstituted benzoxazolyl group.

In some other embodiments, the N-containing electron
withdrawing group may be selected from among a substi-
tuted or unsubstituted pyridinyl group, a substituted or
unsubstituted pyrimidinyl group, a substituted or unsubsti-
tuted pyrazinyl group, a substituted or unsubstituted triazi-
nyl group, a substituted or unsubstituted quinolinyl group, a
substituted or unsubstituted 1soquinolinyl group, a substi-
tuted or unsubstituted benzoimidazolyl group, a substituted
or unsubstituted imidazopyridinyl group, a substituted or
unsubstituted 1midazopyrimidinyl group, a substituted or
unsubstituted benzothiazolyl group, and a substituted or
unsubstituted benzoxazolyl group, but are not limited
thereto.

In some other embodiments, the N-containing electron
withdrawing group may be selected from among groups
represented by Formulae 2A to 2M:

Formula 2A

Formula 2B

Formula 2C

Formula 2D

Formula 2E
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-continued
Formula 2F

§

" T | (Zl)c4
|
\ /N
N Formula 2G
XX >,
|
AN N2
Formula 2H
Xy
o / T (Zl)r:S
|
\ N/
Formula 21
N \
—</ 1
N F
/
/|
Formula 2]
N
N
( \]/ \I (Zl)r:l
/\\,/N\/

Formula 2K

(SO
3\ | (Zl)c‘:l
$/\\r” N\/
Formula 2L
T
1\“/\
$_<\ (Z1)e1

Formula 2M

N /\

T—
214</ ‘ —— (£2)e
-

N \/

In Formulae 2A to 2M above, Z, and Z, may be each
independently selected from hydrogen, deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxyl group and a salt thereof, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
C,-Cq, alkyl group, a C,-C,, alkenyl group, a C,-C,,
alkynyl group, a C,-C,, alkoxy group, a C;-C,, cycloalkyl
group, a C;-C, , cycloalkenyl group and a C.-C, aryl group:;
a C.-C,, aryl group substituted with at least one of —F,
—CN, and a C,-C,, alkyl group; and a C,-C,., aryloxy
group, a C.-C,, arylthio group and a C,-C,, heteroaryl
group; ¢, may be an iteger from 1 to 4; ¢, may be an integer
from 1 to 3; ¢, may be an 1nteger from 1 to 2; ¢, may be an
integer from 1 to 6; and ¢ may be an integer from 1 to 3;
and T, may be O or S.

In some embodiments, 1n Formulae 2A to 2M, 7, and Z,
may be each independently hydrogen, deuterium, a halogen
atom, a hydroxyl group, a cyano group, a nitro group, an
amino group, an amidino group, hydrazine, hydrazone, a
carboxylic group or a salt thereol, a sulfonic acid group or
a salt thereof, a phosphoric acid group or a salt thereof, a
C,-C,, alkyl group, a C,-C,, alkoxy group, a phenyl group,
a naphthyl group, an anthryl group, or a phenanthrenyl
group, but are not limited thereto.
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In some embodiments, the N-containing electron with-
drawing group may be a group represented by Formula 21
above (wherein 7, 1s a phenyl group, a naphthyl group, an
anthryl group, or a phenanthrenyl group), but 1s not limited
thereto.

In Formula 1 above, a indicates the number of Ar;s, b
indicates the number of Ar,s, and ¢ indicates the number of
Ar,s. If a in Formula 1 1s at least two, at least two Ar, may
be the same or different. If b 1s at least two, at least two Ar,
may be the same or different. If ¢ 1s at least two, at least two
Ar, may be the same or different.

In Formula 1 above, at least two of the a number of Ar;s,
the b number of Ar,s, and the ¢ number of Ar;s may be
N-containing electron withdrawing groups.

In some embodiments, 1n Formula 1 above, a, b, and ¢
may be all 1, wherein at least one of Ar, to Ar,, or at least

two thereol, may be an N-containing electron withdrawing
group, but 1s not limited thereto.

In Formula 1 above, Ar, to Ar, may be each independently
hydrogen, deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group and a salt
thereof, a sulfonic acid group or a salt thereof, a phosphoric
acid group or a salt thereof, a C,-C,, alkyl group (for
example, a C,-C,, alkyl group), a C,-C,, alkoxy group (for
example, a C,-C, , alkoxy group), a phenyl group, a naphthyl
group, an anthryl group, a phenanthrenyl group, or an
N-containing electron withdrawing group; a, b, and ¢ may be
cach independently 1, 2, or 3, wherein at least one of the a
number of Ar,, the b number of Ar,, and the ¢ number of Ar,
(for example, at least two of the a number of Ar,, the b
number ol Ar,, and the ¢ number of Ar,) may be an
N-containing electron withdrawing group. In this regard, the
“N-containing electron withdrawing group” 1s as defined
above.

In some embodiments, the phosphine oxide-based com-
pound may be a compound represented by Formula 1A
below:

Formula 1A

O
Z

In Formula 1A, Ar,, Ar,, and Ar, may be as defined
above.

In some embodiments, in Formula 1A, Ar, to Ar; may be
cach independently hydrogen, deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group and a salt thereof, a sulfonic acid group or a salt
thereol, a phosphoric acid group or a salt thereot, a C,-C,,
alkyl group (for example, a C,-C,, alkyl group), a C,-C,,
alkoxy group (for example, a C,-C,, alkoxy group), a
phenyl group, a naphthyl group, an anthryl group, a phenan-
threnyl group, or an N-containing electron withdrawing
group, wherein at least one of Ar,, Ar,, and Ar;, (for
example, at least two thereol) may be an N-containing
clectron withdrawing group; and the N-containing electron
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withdrawing group may be selected from among the groups
represented by Formulae 2A to 2ZM above, but are not
limited thereto. The above descriptions of Formulae 2A to
2M are referred to herein.

In some embodiments, the phosphine oxide-based com-
pound may be a compound represented by Formula 1A-(1)
below:

Formula 1A-(1)
O —
[
P

/7 \
/

_/2\\\
\\

ATy Ar3

h

Ar

In Formula 1A-(1), Ar,, Ar,, and Ar; may be as defined
above.

For example, in Formula 1A-(1), Ar, to Ar; may be each
independently hydrogen, deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group and a salt thereof, a sulfonic acid group or a salt
thereol, a phosphoric acid group or a salt thereot, a C,-C,,
alkyl group (for example, a C,-C,, alkyl group), a C,-C,,
alkoxy group (for example, a C,-C,, alkoxy group), a
phenyl group, a naphthyl group, an anthryl group, a phenan-
threnyl group, or an N-containing electron withdrawing
group, wherein at least one of Ar,, Ar, and Ar, ({or example,
at least two thereol) may be an N-containing electron
withdrawing group; and the N-containing electron with-
drawing group may be selected from among groups repre-
sented by Formulae 2A to 2M, but are not limited thereto.
The above descriptions of Formulae 2A to 2M are referred
to herein. In some embodiments, 1n Formulae 2A to 2M, Z,
and 7., may be each independently hydrogen, deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxylic group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereol, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, or a
phenanthrenyl group; ¢, may be an mteger from 1 to 4; c,
may be an integer from 1 to 3; ¢, may be an integer from 1
to 2; ¢, may be an mteger from 1 to 6; ¢ may be an integer
from 1 to 5; and T, may be O or S, but are not limited
thereto.

In some embodiments, the phosphine oxide-based com-
pound may be one of Compounds 1 to 6 below, but 1s not

limited thereto:

Compound 1
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-continued
Compound 2

.

Z\Z

Compound 3
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Compound 4
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Compound 5
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-continued
Compound 6

O

NN S
_)\\ %6

‘\K

/

N

Examples of the unsubstituted C,-C,, alkyl group used
herein may be linear or branched C,-C., alkyl groups, such
as methyl group, ethyl group, propyl group, i1sobutyl group,
sec-butyl group, pentyl group, 1so-amyl group, hexyl group,
or the like. In the substituted C, -C, alkyl group, at least one
hydrogen of the unsubstituted C,-C,, alkyl group described
above may be substituted with deutertum, a halogen atom, a
hydroxyl group, a nitro group, a cyano group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or salts thereol, a sulfonic acid group or salts thereof,
a phosphoric acid group or salts thereof, a C,-C,, alkyl
group, a C,-C,, alkenyl group, a C,-C,, alkynyl group, a
Cs-Cyn aryl group, a C,-C,., heteroaryl group, —N(Q,,)
(Q12), or —31(Q;5)(Q,4)(Q;5), wherein Q, to Q,5 may be
cach independently selected from the group consisting of
hydrogen, a C,-C,, alkyl group, a C,-C_, alkenyl group, a
C,-Cyn alkynyl group, a C;-C,., aryl group, and a C,-C,,
heteroaryl group.

The unsubstituted C,-C,, alkoxy group may be a group
represented by —OA, wherein A may be an unsubstituted
C,-Cq, alkyl group described above. Examples ot the unsub-
stituted C,-C,, alkoxy group may be a methoxy group, an
cthoxy group, and an isopropyloxy group. At least one
hydrogen 1n the unsubstituted C,-C,, alkoxy group may be
substituted with those substituents described above 1n con-
junction with the substituted C,-C., alkyl group.

As used herein, the unsubstituted C,-C,, alkenyl group
may be a hydrocarbon chain having a carbon-carbon double
bond in the center or at a terminal of the unsubstituted
C,-Cq, alkyl group. Examples of the unsubstituted C,-C,
alkenyl group may be an ethenyl group, a propenyl group, a
butenyl group, and the like. At least one hydrogen 1n the
unsubstituted C,-C,, alkenyl group may be substituted with
those substituents described above 1n conjunction with the
substituted C,-C_, alkyl group.

The unsubstituted C,-C, alkynyl group may be a C,-C,
alkyl group having at least one carbon-carbon triple bond 1n
the center or at a terminal thereof. Examples of the unsub-
stituted C,-C,, alkynyl group may be an ethenyl group, a
propynyl group, and the like. At least one hydrogens in the
unsubstituted C,-C,, alkynyl group may be substituted with
those substituents described above 1n conjunction with the
substituted C,-C,, alkyl group.

The unsubstituted C.-C, aryl group may be a monovalent
group having a carbocyclic aromatic system having 6 to 60
carbon atoms including at least one aromatic ring. The
unsubstituted C.-C,, arylene group may be a divalent group
having a carbocyclic aromatic system having 6 to 60 carbon
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atoms 1ncluding at least one aromatic ring. When the aryl
group and the arvlene group have at least two rings, they
may be fused to each other via a single bond. At least one
hydrogen in the unsubstituted C.-C,, aryl group and the
unsubstituted C.-C,, arylene group may be substituted with
those substituents described above 1n conjunction with the
C,-C, alkyl group.

Examples of the substituted or unsubstituted C.-C, aryl
group may be a phenyl group, a C,-C,, alkylphenyl group
(e.g., an ethylphenyl group), a C,-C,, alkylbiphenyl group
(e.g., an ethylbiphenyl group), a halophenyl group (e.g., an
0-, m- or p-fluorophenyl group and a dichlorophenyl group),
a dicyanophenyl group, a trifluoromethoxyphenyl group, an
0-, m- or p-tolyl group, an o-, m- or p-cumenyl group, a
mesityl group, a phenoxyphenyl group, a (o.,c.-dimethylben-
zene)phenyl group, a (N,N'-dimethyl)aminophenyl group, a
(N,N'-diphenyl)aminophenyl group, a pentalenyl group, an
indenyl group, a naphthyl group, a halonaphthyl group (e.g.,
a tfluoronaphthyl group), a C, -C, , alkylnaphthyl group (e.g.,
a methylnaphthyl group), a C,-C,, alkoxynaphthyl group
(e.g., a methoxynaphthyl group), an anthracenyl group, an
azulenyl group, a heptalenyl group, an acenaphthylenyl
group, a phenalenyl group, a fluorenyl group, an anthraqui-
nolyl group, a methylanthryl group, a phenanthryl group, a
triphenylenyl group, a pyrenyl group, a chrysenyl group, an
ethyl-chrysenyl group, a picenyl group, a pervlenyl group, a
chloroperylenyl group, a pentaphenyl group, a pentacenyl
group, a tetraphenylenyl group, a hexaphenyl group, hexace-
nyl group, a rubicenyl group, a coronenyl group, a trinaph-
thylenyl group, a heptaphenyl group, a heptacenyl group, a
pyranthrenyl group, and an ovalenyl group. Examples of the
substituted C.-C., aryl group may be inferred based on
those of the unsubstituted C.-C,, aryl group and the sub-
stituted C,-C;, alkyl group described above. Examples of
the substituted or unsubstituted C,-C,, arylene group may
be inferred based on those examples of the substituted or
unsubstituted C.-C., aryl group described above.

The unsubstituted C,-C., heteroaryl group may be a
monovalent group having at least one aromatic ring having
at least one of the heteroatoms selected from the group
consisting of N, O, P, and S. The unsubstituted C,-C,,
heteroarylene group may be a divalent group having at least
one aromatic ring having at least one of the heteroatoms
selected from the group consisting of N, O, P, and S. In this
regard, when the C,-C,, heteroaryl group and the C,-C,
heteroarylene group have at least two rings, they may be
fused to each other via a single bond. At least one hydrogen
in the C,-C., heteroaryl group and the C,-C, heteroarylene
group may be substituted with those substituents described
with reference to the C,-C,, alkyl group.

The substituted or unsubstituted C.-C,, aryloxy group
indicates —OA, (where A, 1s a substituted or unsubstituted
Cs-Cqy aryl group described above). The substituted or
unsubstituted C.-C,, arylthio group indicates —SA, (where
A; 1s a substituted or unsubstituted C.-C., aryl group
described above).

The examples of the unsubstituted C;-C,, cycloalkyl
group 1nclude a cyclopentyl and a cyclohexyl and the
examples of the unsubstituted C,-C,, cycloalkenyl group
include a cyclopentenyl and a cyclohexenyl. At least one
hydrogen 1n the unsubstituted C,-C,, cycloalkyl group and
the unsubstituted C,-C, , cycloalkenyl group may be substi-
tuted with those substituents described with reference to the
C,-Cq, alkyl group.

Since the phosphine oxide-based compound of Formula 1
above includes at least one of the N-containing electron
withdrawing group having a small molecular size described
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above, the phosphine oxide-based compound of Formula 1
may have high electron mobility. Therefore, an organic
light-emitting device including the phosphine oxide-based
compound represented by Formula 1 above may have a low
driving voltage and a high efliciency.

The phosphine oxide-based compound of Formula 1
includes a “benzen” as an aromatic ring directly linked to
“P”, and thus may have a relatively small molecular weight,
and thus a high sublimation purification yield. Furthermore,
due to the “benzen” as an aromatic ring directly linked to
“P”, the phosphine oxide-based compound of Formula 1
may have a high electron density between the phosphine
oxide core and the N-containing electron withdrawing
group, and thus the “benzen” may not be involved in
molecular resonance. Therefore, the “benzen™ of the phos-
phine oxide-based compound of Formula 1 may only pro-
vide a steric eflect to molecules but suppress molecular
interactions. Accordingly, the phosphine oxide-based com-
pound of Formula 1 may have good electron transporting,
characteristics. With the assumption of a virtual compound
having the same structure as Formula 1 except for including,
a “naphthalene” as an aromatic ring directly linked to “P”,
the virtual compound may have a high electron density in the
“naphthalene™, which 1s mnvolved 1n molecular resonance, so
that LUMO electrons may not be uniformly distributed in
the N-containing electron withdrawing group, and the vir-
tual compound may have significantly lower electron trans-
porting characteristics.

The phosphine oxide-based compound of Formula 1 has
a low HOMO energy level (1.e., with a large absolute of the
HOMO energy level), and thus may eflectively prevent
holes 1njected via the first electrode (anode) from passing
through the emission layer. For example, the phosphine
oxide-based compound of Formula 1 may have a highest
occupied molecular orbital (HOMO) energy level of about
7.0 eV or less, but 1s not limited thereto.

The phosphine oxide-based compound may be synthe-
s1ized by using a known organic synthesis method. A syn-
thesis method of the phosphine oxide-based compound may
be understood by those of ordinary skill 1n the art based on
the examples that will be described below.

Therefore, an organic light-emitting device including the
phosphine oxide-based compound of Formula 1 above may
have a low drniving voltage, a high efliciency, a high lumi-
nance, and a long lifetime.

According to another aspect of the present invention, an
organic light-emitting device may include a first electrode, a
second electrode disposed opposite to the first electrode, and
an organic layer disposed between the first electrode and the
second electrode and comprising an emission layer, wherein
the organic layer may include at least one of the phosphine
oxide-based compounds of Formula 1 described above.

As used herein, for example, the organic layer including
at least one phosphine oxide-based compounds means that
the organic layer including one of the phosphine oxide-
based compounds of Formula 1 above, or at least two
different phosphine oxide-based compounds of Formula 1
above.

In some embodiments, the organic layer may include only
Compound 1 above as the phosphine oxide-based com-
pound. In this regard, the Compound 1 may be present in the

clectron transport layer of the organic light-emitting device.
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In some embodiments, the organic layer may include Com-
pounds 1 and 2 as phosphine oxide-based materials. In this
regard, the Compounds 1 and 2 may be present in the same
layer ({or example, in the electron transport layer) or may be
present 1n different layers (for example, 1n the hole blocking,
layer and the electron transport layer, respectively).

The term “organic layer” as used herein refers to a single
layer and/or a plurality of layers disposed between the first
and second electrodes of the organic light-emitting device.

The organic layer may include at least one layer selected
from among a hole 1njection layer, a hole transport layer, a
functional layer having both hole injection and hole trans-
port capabilities (herematter, “H-functional layer™), a bufler
layer, an electron blocking layer, an emission layer, a hole
blocking layer, an electron transport layer, an electron injec-
tion layer, and a functional layer having both electron
injection and electron transport capabilities (hereimafter,
“E-functional layer™).

In some embodiments, the organic light-emitting device
may further include at least one of a hole injection layer, a
hole transport layer, a functional layer having both hole
injection and hole transport capabilities, a bufler layer, and
an electron blocking layer between the first electrode and the
emission layer. In some other embodiments, the organic
light-emitting device may further include at least one of a
hole blocking layer, an electron transport layer, and a
functional layer having both electron 1njection and electron
transport capabilities and an electron 1njection layer between
the emission layer and the second electrode.

In still other embodiments, the organic light-emitting
device may further include an electron transport layer
between the emission layer and the second -electrode,
wherein the phosphine oxide-based compound may be
included 1n the electron transport layer. The electron trans-
port layer further comprises a lithium (LL1) complex. In yet
other embodiments, the organic light-emitting devices may
further 1include a hole blocking layer and an electron trans-
port layer between the emission layer and the second elec-
trode, wherein the phosphine oxide-based compound may be
included 1n the hole blocking layer, but 1s not limited thereto.
The emission layer of the light-emitting device may
include a host and a dopant, and the dopant may be a
phosphorescent dopant emitting light based on the mecha-
nism ol phosphorescence. In some embodiments, the phos-
phorescent dopant may be an organic metal compound
including at least one element of 1iridium (Ir), platinum (Pt),
osmium (Os), titantum (11), zirconium (Zr), hatnmium (Hi),
curopium (Eu), terbium (1b) and thulium (Tm).

FIG. 1 1s a schematic sectional view of an organic
light-emitting device 10 according to an embodiment of the
present invention. Heremnafter, a structure of an organic
light-emitting device according to an embodiment of the

present invention and a method of manufacturing the same
will now be described with reference to FIG. 1.

A substrate 11 may be any substrate that 1s used 1n existing
organic light-emitting devices. In some embodiments the
substrate 11 may be a glass substrate or a transparent plastic
substrate with strong mechanical strength, thermal stability,
transparency, surface smoothness, ease of handling, and
water resistance.

A first electrode 13 may be formed by depositing or
sputtering a first electrode-forming material onto a surface
of the substrate 11. When the first electrode 13 1s an anode,
a material having a high work function may be used as the
first electrode-forming material to facilitate hole njection.
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The first electrode 13 may be a reflective electrode or a
transmission electrode. Transparent and conductive materi-
als such as I'TO, 170, SnO,, and ZnO may be used to form
the first electrode 13. The first electrode 13 may be formed

as a reflective electrode using magnesium (Mg), aluminum

(Al group, aluminum-lithium (Al—IL1), calcium (Ca), mag-
nesium-indium (Mg—1In), magnesium-silver (Mg—Ag), or

the like.

The first electrode 13 may have a single-layer structure or
a multi-layer structure including at least two layers. For
example, the first electrode 13 may have a three-layered
structure of ITO/Ag/ITO, but 1s not limited thereto.

The organic layer 15 may be disposed on the first elec-
trode 13.

The organic layer 15 may include a hole 1injection layer
(HIL. GROUP), a hole transport layer (HTL GROUP), a

bufler layer, an emission layer (EML GROUP), an electron

transport layer (ETL GROUP), and an electron injection
layer (EIL GROUP).

The HIL may be formed on the first electrode 13 by
vacuum deposition, spin coating,
Blodgett (LLB) deposition, or the like.

casting, Langmuir-

When the HIL 1s formed using vacuum deposition,

vacuum deposition conditions may vary according to a

compound that 1s used to form the HIL, and the desired

structure and thermal properties of the HIL to be formed. For
example, vacuum deposition may be performed at a tem-
perature of about 100° C. to about 500° C., a pressure of
about 107° torr to about 107 torr, and a deposition rate of
about 0.01 A/sec to about 100 A/sec. However, the deposi-

tion conditions are not limited thereto.

When the HIL 1s formed using spin coating, the coating
conditions may vary according to a compound that 1s used
to form the HIL, and the desired structure and thermal

properties ol the HIL to be formed. For example, the coating,

rate may be 1n the range of about 2000 rpm to about 5000
rpm, and a temperature at which heat treatment 1s performed
to remove a solvent after coating may be in the range of
about 80° C. to about 200° C. However, the coating condi-
tions are not limited thereto.

The HIL may be formed of any material that 1s commonly

used to form a HIL. Non-limiting examples of the material

that may be used to form the HIL may be N,N'-diphenyl-
N,N'-bis-[4-(phenyl-m-tolyl-amino)-phenyl]-biphenyl-4,4'-
diamine (DNTPD), a phthalocyanine compound such as
copper phthalocyanine, 4,4'.4"-tris(3-methylphenylphe-
nylamino)triphenylamine (m-MTDATA), N,N'-di(1-naph-
thyl (NPB), TDATA,
2'T-NATA, polyaniline/dodecylbenzenesulionic acid (Pany/
DBSA), poly(3.,4-ethylenedioxythiophene)/poly(4-styrene-
sulfonate) (PEDOT/PSS), polyaniline/camphor sulfonic

group-N,N'-diphenylbenzidine

acid (Pan1i/CSA), and polyaniline)/poly(4-styrenesulfonate
(PANI/PSS).
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The thickness of the HIL may be about 100 A to about
10000 A, and in some embodiments, may be from about 100
A to about 1000 A. When the thickness of the HIL is within
these ranges, the HIL may have good hole injecting ability
without a substantial increase 1n driving voltage.
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Then, a HI'L may be formed on the HIL by using vacuum
deposition, spin coating, casting, Langmuir-Blodgett (LB)
deposition, or the like. When the HTL 1s formed using
vacuum deposition or spin coating, the conditions for depo-
sition and coating may be similar to those for the formation
of the HIL, though the conditions for the deposition and

coating may vary according to a material that 1s used to form
the HTL.

Non-limiting examples of suitable known HTL forming
materials may be carbazole dertvatives, such as N-phenyl-
carbazole or polyvinylcarbazole, N,N'-bis(3-methylphenyl
group-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine  (TPD),
4.4' 4"-tris(N-carbazolyl grouptriphenylamine (TCTA), and
N,N'-di(1-naphthyl group-N,N'-diphenylbenzidine) (NPB).

OO

OO

8 ) /_\

SPNNIES

OO
7/ \

\_ 7/ \ </

1PD

NPB

The thickness of the HTL may be from about 50 A to

about 2000 A, and in some embodiments, may be from about
100 A to about 1500 A. When the thickness of the HTL is
within these ranges, the HTL may have good hole trans-
porting ability without a substantial increase in driving
voltage.

At least some of the hole transport layer materials may be
used as materials for the electron blocking layer. The elec-
tron blocking layer may prevent the electrons injected via
the second electrode (cathode) from migrating toward the
first electrode (anode) through the emission layer. For
example, TCTA may have both hole transporting and elec-
tron blocking capabilities.

The H-functional layer (having both hole injection and
hole transport capabilities) may contain at least one material
from each group of the hole injection layer materials and
hole transport layer materials. The thickness of the H-func-
tional layer may be from about 500 A to about 10,000 A, and
in some embodiments, may be from about 100 A to about
1,000 A. When the thickness of the H-functional layer is
within these ranges, the H-functional layer may have good
hole 1injection and transport capabilities without a substantial
increase in driving voltage.

In some embodiments, at least one of the HIL, HTL., and
H-functional layer may include at least one of a compound

of Formula 300 below and a compound of Formula 301
below:
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Formula 300

Formula 301

R

/N . . N‘
Riz3 R4

In Formula 300, Ar,,, and Ar,,, may be each indepen-
dently a substituted or unsubstituted C.-C,, arylene group.
In some embodiments, Ar,,, and Ar,,, may be each 1nde-
pendently one of a phenylene group, a pentalenylene group,
an indenylene group, a naphthylene group, an azulenylene
group, a heptalenylene group, an acenaphthylene group, a
fluorenylene group, a phenalenylene group, a phenanthre-
nylene group, an anthracenylene group, a fluoranthenylene
group, a triphenylenylene group, a pyrenylenylene group, a
chrysenylene group, a naphthacenylene group, a picenylene
group, a perylenylene group, and a pentacenylene group;
and a phenylene group, a pentalenylene group, an inde-
nylene group, a naphthylene group, an azulenylene group, a
heptalenylene group, an acenaphthylene group, a fluore-
nylene group, a phenalenylene group, a phenanthrenylene
group, an anthracenylene group, a fluoranthenylene group, a
triphenylenylene group, a pyrenylenylene group, a chryse-
nylene group, a naphthacenylene group, a picenylene group,
a perylenylene group, and a pentacenylene group that are
substituted with at least one of deuterium, a halogen atom,
a hydroxyl group, a nitro group, a cyano group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or salt thereof, a sulturic acid group or salt thereot, a
phosphoric acid group or salt thereot, a C,-C,, alkyl group,
a C,-C,, alkenyl group, a C,-C, alkynyl group, a C,-C,,
alkoxy group, a C,-C, cycloalkyl group, a C;-C,, cycloalk-
enyl group, a C;-C,, heterocycloalkyl group, a C;-C,,
heterocycloalkenyl group, a C,-C,, aryl group, a C,-C,,
aryloxy group, a C.-C., arylthio group, and a C,-C,, het-
eroaryl group.

In Formula 300, xa and xb may be each independently an
integer from 0 to 5, for example, may be O, 1, or 2. For
example, xa may be 1, and xb may be 0, but are not limited
thereto.
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In Formulae 300 and 301 above, R,,; t0 R,5:, R;;; 1O
R,,s,and R,,, to R,,, may be each independently hydrogen,

deuterrum, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,

hydrazine, hydrazone, a carboxyl group or a salt thereof, a

sulfonic acid group or a salt thereof, a phosphoric acid group
or a salt thereol, a substituted or unsubstituted C, -C, alkyl
group, a substituted or unsubstituted C,-C., alkenyl group,
a substituted or unsubstituted C,-C,, alkynyl group, a sub-
stituted or unsubstituted C,-C,, alkoxy group, a substituted
or unsubstituted C,-C,, cycloalkyl group, a substituted or
unsubstituted C.-C,, aryl group, a substituted or unsubsti-
tuted C.-C,, aryloxy group, or a substituted or unsubstituted
C;-C, arylthio group. In some embodiments, R, to R, s,
R,,, to R,,,, and R,,, to R,,, may be each independently
one ol hydrogen; deuterium; a halogen atom; a hydroxyl
group; a cyano group; a nitro group; an amino group; an
amidino group; hydrazine; hydrazone; a carboxyl group or a

salt thereof; a sulfonic acid group or a salt thereof; a

phosphoric acid group or a salt thereof; a C,-C, , alkyl group
(for example, a methyl group, an ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl group, or the
like); a C, -C, 5 alkoxy group (for example, a methoxy group,
an ethoxy group, a propoxy group, a butoxy group, a
pentoxy group, or the like); a C,-C,, alkyl group and a
C,-C,, alkoxy group that are substituted with at least one of
deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino group,

hydrazine, hydrazone, a carboxyl group or a salt thereof, a

sulfonic acid group or a salt thereof, and a phosphoric acid

group or a salt thereof; a phenyl group; a naphthyl group; an

anthryl group; a fluorenyl group; a pyrenyl group; and a
phenyl group, a naphthyl group, an anthryl group, a fluore-

nyl group, and a pyrenyl group that are substituted with at
least one of deuterium, a halogen atom, a hydroxyl group, a
cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt

thereol, a sulfonic acid group or a salt thereotf, a phosphoric

acid group or a salt thereotf, a C,-C,, alkyl group, and a
C,-C,, alkoxy group.

In Formula 300, R, ,, may be one of a phenyl group, a

naphthyl group, an anthryl group, a biphenyl group, a
pyridyl group; and a phenyl group, a naphthyl group, an
anthryl group, a biphenyl group, and a pyridyl group that are

substituted with at least one of deuterium, a halogen atom,
a hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a carboxyl
group or a salt thereot, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereof, a substituted or
unsubstituted C,-C,, alkyl group, and a substituted or

unsubstituted C,-C,, alkoxy group.
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In an embodiment the compound of Formula 300 may be
a compound represented by Formula 300A below:

Formula 300A
Ry
\
N F
S N_/ng
)\‘
Ry N
Rip

In Formula 300A, R,,,, R;;{, Ry;,, and R,,, may be as
defined above.

In some non-limiting embodiments, at least one of the
HIL, HTL, and H-functional layer may include at least one
of compounds 301 to 320 below:
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-continued
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At least one of the HIL, HTL, and H-functional layer may
further include a charge-generating material for improved
layer conductivity, in addition to a known hole 1njecting
material, hole transport material, and/or material having
both hole injection and hole ftransport capabilities as
described above.

The charge-generating material may be, for example, a
p-dopant. The p-dopant may be one of quinine derivatives,
metal oxides, and compounds with a cyano group, but are
not limited thereto. Non-limiting examples of the p-dopant
are quinone derivatives such as tetracyanoquinonedimeth-
ane (TCNQ), 2,3,3,6-tetrafluoro-tetracyano-1,4-benzoqui-
nonedimethane (F4-TCNQ), and the like; metal oxides such
as tungsten oxide, molybdenum oxide, and the like; and
cyano-containing compounds such as Compound 200 below.

Compound 200
CN
NC
B
N N CN
F ‘/ N
_z
I\i \ \N/ N CN
N
NC Z
CN
F F
NC CN
NC CN
b b
F4-TCNQ

When the hole injection layer, hole transport layer, or
H-tunctional layer further includes a charge-generating
material, the charge-generating material may be homoge-
neously dispersed or mhomogeneously distributed 1n the
layer.

A bufler layer may be disposed between at least one of the

HIL, HTL, and H-functional layer, and the EML. The butler
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layer may compensate for an optical resonance distance of
light according to a wavelength of the light emitted from the

EML, and thus may increase efliciency. The bufler layer may
include any hole ijecting material or hole transporting
material that are widely known. In some other embodiments, 3
the bufler layer may include the same material as one of the
materials included 1n the HIL, HTL, and H-functional layer
that underly the bufler layer.

Then, an EML may be formed on the HTL, the H-func-
tional layer, or the bufler layer by vacuum deposition, spin 10
coating, casting, Langmuir-Blodget (LB) deposition, or the
like. When the EML 1s formed using vacuum deposition or
spin coating, the deposition and coating conditions may be
similar to those for the formation of the HIL, though the
conditions for deposition and coating may vary according to 15
the material that 1s used to form the EML.

The emission layer may include at least one of the
phosphine oxide-based compounds of Formula 1. /

The emission layer may include a host, and a dopant.

26

-continued
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Examples of the host may include, but are not limited to, 20 — \ /

Tris(8-hydroxyquinolinato Jaluminium (Alg3), 4,4'-N,N'-di-
cabazole-biphenyl (CBP), poly(n-vinylcabazole) (PVK),
9,10-di(naphthalene-2-yl)anthracene (ADN), 4.4",4"-tr1s(N-

30

A
carbazolyl)-triphenylamine (TCTA), 1,3,5-tris(N-phenyl-
benzimidazole-2-yl)benzene (TPBI), 3-tert-butyl-9,10-d1 25
(naphth-2-yl)anthracene (TBADN), E3, and distyrylarylene . — ‘
(DSA), dmCBP (refer to Formula below), and Compounds N / \ N
501 through 509 below. / \\ /

N \N

O O
Oy 4/ w
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Also, the host may be an anthracene-based compound
represented by Formula 400 below:

Formula 400

Arjja—(Ary12)s (Ary1)g— Ary3

Wherein Ar,,, and Ar,,, may be each independently a
substituted or unsubstituted C.-C., arylene group; Ar,,;
through Ar,, . may be each independently a substituted or
unsubstituted C,-C,, alkyl group or a substituted or unsub-
stituted C.-C,, aryl group; and g, h, 1, and ] may be each
independently an integer of 0 to 4.

For example, in Formula 400 above, Ar,,, and Ar,,, may
be each imndependently one of a phenylene group; a naphth-
ylene group; a phenanthrenylene group; a pyrenylene group;
and a phenylene group, a naphthylene group, a phenanthre-
nylene group, a tluorenyl group, and a pyrenylene group that
are substituted with at least one of a phenyl group, a
naphthyl group, and an anthryl group.

In Formula 400 above, g, h, 1, and ; may be each
independently 0, 1, or 2.

In Formula 400 above, Ar,,, through Ar,, . may be each
independently, but are not limited to, a C,-C,, alkyl group
that 1s substituted with at least one of a phenyl group, a
naphthyl group, and an anthryl group; a phenyl group; a
naphthyl group; an anthryl group; a pyrenyl group; a
phenanthrenyl group; a fluorenyl group; a phenyl group, a
naphthyl group, an anthryl group, a pyrenyl group, a phenan-
threnyl group, and a fluorenyl group that are substituted with
at least one of deuterium, a halogen atom, a hydroxyl group,
a cyano group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group or a salt
thereol, a sulfonic acid group or a salt thereotf, a phosphoric
acid or a salt thereot, a C,-C,, alkyl group, a C,-C, alkenyl
group, a C,-C,, alkynyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, a pyrenyl
group, a phenanthrenyl group, and a fluorenyl group; and

PN

g Y

For example, the anthracene-based compound of Formula
400 may be, but 1s not limited to, one of the compounds
below:
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Also, an anthracene-based compound represented by For-

‘ Y T/ 15 mula 401 below may be used as the host in the EML.:

F

Formula 401

(\ 7
\ | -

yZ PN

o ‘ \/(Al‘lzs)k
55

Wherein Ar, ,, through Ar,,. may be each independently
a substituted or unsubstituted C,-C,, alkyl group or a
60 substituted or unsubstituted C.-C,, aryl group.

7\

In Formula 401 above, Ar,,. and Ar,,. may be each
independently a C,-C, , alkyl group (e.g., a methyl group, an
ethyl group, or a propyl group).

S
‘ 65  In Formula 401 above, k and 1 may be each independently
AN an integer of 0 to 4. For example, k and 1 may be each
independently O, 1, or 2.
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For example, the anthrecene-based compound of Formula
401 may be, but 1s not limited to, one of the following
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When the organic light-emitting device 1s a full color

organic

light-emitting device, the emission layer may be

patterned 1nto a red emission layer, a green emission layer,

and a blue emission layer. In some embodiments, the emis-
s1on layer may include at least two of the red emission layer,

the green emission layer, and the blue emission layer that are

stacked upon one another, or may emit white light, but 1s not

limited thereto.

At least one of the red emission layer, the green emission

layer, and the blue emission layer may include a dopant

below.

Non-limiting examples of the blue dopant are compounds
represented by the following formulae. Herein, ppy means

phenylpyridine (ppy=phenylpyridine).
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Non-limiting examples of the red dopant may be com-

pounds represented by the following formulae. In some
embodiments, the red dopant may be DCM or DCITB,
which will be described later.
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Non-limiting examples of the green dopant may be com-
pounds represented by the following formulae. In an
embodiment, the green dopant may be C545T represented

below.
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Non-limiting examples of the dopant that may be used 1n
the EML may be complexes represented by the following

formulae.
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D47

D48

D49

D50

Non-limiting examples of the dopant that may be used 1n
the EML may be Os complexes represented by the following
formulae.
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When the EML includes both a host and a dopant, the
amount of the dopant may be from about 0.01 to about 15
parts by weight based on 100 parts by weight of the host.
However, the amount of the dopant 1s not limited to this
range.

The thickness of the EML may be about 100 A to about
1000 A, and in some embodiments, may be from about 200
A to about 600 A. When the thickness of the EML is within

these ranges, the EML may have good light emitting ability

without a substantial increase 1 driving voltage.

When a phosphorescent dopant 1s also used in the EML,
a hole blocking layer (HBL) may be formed on the EML b
using vacuum deposition, spin coating, casting, Langmuir-
Blodgett (LLB) deposition, or the like, 1n order to prevent
diffusion of triplet excitons or holes into an ETL. When the
HBL 1s formed using vacuum deposition or spin coating, the
conditions for deposition and coating may be similar to
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those for the formation of the HIL, although the conditions
for deposition and coating may vary according to the mate-
rial that 1s used to form the HBL. The phosphine oxide-based

compound of Formula 1 above may be used as a material for
the HBL.

A thickness of the HBL may be from about 20 A to about
1000 A, and in some embodiments, may be from about 30
A to about 800 A. When the thickness of the HBL is within
these ranges, the HBL may have improved hole blocking
ability without a substantial increase 1n driving voltage.

Then, an ETL may be formed on the EML or HBL by any
of a variety of methods, for example, vacuum deposition,
spin coating, or casting. When the ETL 1s formed using
vacuum deposition or spin coating, the deposition and
coating conditions may be similar to those for the formation
of the HIL, though the deposition and coating conditions
may vary according to a material that 1s used to form the
ETL. The phosphine oxide-based compound of Formula 1

above may be used as a material for the ETL. In some
embodiments, when the phosphine oxide-based material of
Formula 1 above 1s used i the HBL, any known electron
transporting material that can stably transport electrons
injected from an electron injecting electrode (cathode) may
be used as a material for the ETL. Non-limiting examples of
materials for forming the ETL may be a quinoline denvative,
such as tris(8-quinolinorate)aluminum (Alg3), TAZ, BAlq,
berylllum bis(benzoquinolin-10-olate (Bebg2), 9,10-d1
(naphthalene-2-yl)anthracene (ADN), BCP, Compound 201,
and Compound 202, but are not limited thereto.
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A thickness of the ETL may be from about 100 A to about
1,000 A, and in some embodiments, may be from about 150
A to about 500 A. When the thickness of the ETL is within

these ranges, the ETL may have satis:

/

N
\

CH;

actory electron trans-

porting ability without a substantial increase in driving

voltage.

In some embodiments the ETL may further include a
metal-containing matenal, 1n addition to any known elec-
tron-transporting organic compound.

The metal-containing compound may include a lithium
(L1) complex. Non-limiting examples of the L1 complex
May be lithtum quinolate (L1QQ) and Compound 203 below:
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Then, an EIL, which facilitates injection of electrons from
the cathode, may be formed on the ETL. Any suitable
clectron-injecting material may be used to form the EIL.

Non-limiting examples of the material for forming the
EIL may be LiF, NaCl, CsF, L1,0, and BaO, which are
known 1n the art. The deposition and coating conditions for
forming the EIL may be similar to those for the formation of
the HIL, though the deposition and coating conditions may
vary according to the material that 1s used to form the EIL.

A thickness of the EIL may be from about 1 A to about
100 A, and in some embodiments, may be from about 3 A
to about 90 A. When the thickness of the EIL is within these
ranges, the EIL may have satisfactory electron injection
ability without a substantial increase 1n driving voltage.

The second electrode 17 1s disposed on the organic layer
15. The second electrode 17 may be a cathode that 1s an
clectron 1njection electrode. A material for forming the
second electrode 17 may be a metal, an alloy, an electro-
conductive compound, which have a low work function, or
a mixture thereol. In this regard, the second electrode 17
may be formed of lithium (1), magnesium (Mg), aluminum
(Al), aluminum-lithium (Al—Li), calcium (Ca), magne-
sium-indium (Mg—In), magnestum-silver (Mg—Ag), or the
like, and may be formed as a thin film type transmission
clectrode. In some embodiments, to manufacture a top-
emission light-emitting device, the transmission electrode
may be formed of indium tin oxide (ITO) or indium zinc
oxide (1Z0).

Although the organic light-emitting device of FIG. 1 1s
described above, the present invention 1s not limited thereto.

Also, when a phosphorescent dopant 1s included 1n the
EML, a HBL may be formed between the ETL and the EML
or between the H-functional layer and the EML by vacuum
deposition, spin coating, casting or LB deposition so as to
prevent triplet excitons or holes from being diffused to the
ETL. When the HBL 1s formed by vacuum deposition or
spin coating, the conditions thereof may vary according to a
used compound. However, in general, the deposition and

coating conditions may be almost the same as the condition
for forming the HIL. The HBL may include a known hole
blocking material. Examples of the known hole blocking
material may include an oxadiazole deriative, a triazole
derivative, and a phenanthroline derivative. For example,
BCP may be used as a hole blocking material.
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The thickness of the HBL may be 1n the range of about 20
A to about 1,000 A. In some embodiments, the thickness of
the HBL may be in the range of about 30 A to about 300 A.
When the thickness of the HBL i1s within these ranges,
excellent hole blocking properties may be obtained without
a substantial increase in driving voltage.

-

CH;

Heremafiter, the present invention will be described 1n
detail with reference to the following synthesis examples
and other examples. However, these examples are for 1llus-
trative purposes only and are not intended to limit the scope
of the present invention.

EXAMPL

(Ll

Synthesis Example 1

Synthesis of Compound 1

Compound 1 was synthesized according to Reaction
Scheme 1 below:

Reaction Scheme 1

‘/-\/NH

\/\NH2

— O
Dimethylacetamide
i <\ /> { ]
Cl

Acetic acid

o
reflux

X

/NH -
/\N)J\
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Intermediate 1-1
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Br
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Intermediate 1-2
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Compound 1

Synthesis of Intermediate 1-1
25 g (114 mmol) of 4-bromo benzoyl chloride and 40 mL
of diethyl acetamide were put 1n a S00-mL 3-necked round

flask, and stirred for about 30 minutes. Subsequently, a
solution of 2-aminodiphenyl amine (21 g, 114 mmol) dis-
solved 1n 100 mL of diethyl acetamide was slowly dropwise
added into the reaction vessel and stirred for about 2 hours,
followed by an addition of 800 mL of H,O to terminate the
reaction. The resulting solid compound was washed with
water and methanol, recrystallized in a DMF/H,O condition,
and then 1dentified using nuclear magnetic resonance spec-
troscopy ("H NMR).

Yield: 31.4 g, 75%

"H NMR (300 MHz, CD2CI12, §): 8.33 (s, 1H), 8.19-8.16
(d, 1H), 7.56-7.51 (m, 4H), 7.32-7.20 (m, 5H), 6.91-6.82 (m,
3H), 3.73 ppm (s, 1H).

Synthesis of Intermediate 1-2

31.4 g (85.5 mmol) of Intermediate 1-1 was dissolved in
120 mL of acetic acid in a 500-mL 3-necked round flask, and
refluxed at about 100° C. for about 12 hours. After termi-
nation of the reaction, distillation at a reduced pressure was
performed to remove acetic acid, followed by washing four
times each with 100 mL of water, and drying the resulting
solid compound under a reduced pressure, thereby obtaining
Intermediate 1-2, which was identified using "H NMR.

Yield: 27.9 g, 93%

'H NMR (300 MHz, CD2C12, 8): 7.86-7.83 (d, 1H),
7.56-7.55 (m, 3H), 7.48 (s, 4H), 7.37-7.28 ppm (m, SH).

Synthesis of Compound 1

10 g (28.6 mmol) of Intermediate 1-2 and 100 mL of
tetrahydrofuran (THF) were put in 500-mL 3-necked round
flask, and stirred for about 20 minutes to obtain a reaction
mixture, which was maintained at a temperature of about
-78° C. using a cooling/warm-up bath (Acetone/L1g-N,
bath), followed by an addition of n-Bul.1 (2.5 M, 11.9 mL,
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29.9 mmol). The resulting reaction mixture was stirred for
about 2 hours while being purged with nitrogen, followed by
adding 2.32 g (13.0 mmol) of dichlorophenyl phosphine,
slowly increasing the temperature to room temperature, and
stirring the reaction mixture for about 24 hours. 30 mL of
H,O was added into the resulting mixture to terminate the
reaction, followed by extraction twice each with 500 mL of
CH,Cl,, drying with anhydrous magnesium sulfate
(MgSQO,), and distillation under a reduced pressure. The
resulting product was oxidized using CH,Cl, and 30%
H,O,, and subjected to column chromatography (MeOH/
EA; 1/20) to 1solate Compound 1, which was identified
using 'H NMR and mass spectroscopy.

Yield: 1.22 g, 15%

'H NMR (300 MHz, CD2C12, §): 7.70-7.69 (d, 2H),
7.62-7.54 (m, 19H), 7.37-7.30 ppm (m, 10H): HRMS
(FAB+): calcd for C44H31N40P, 662.2235. found, (M+H)
663.2310.

Evaluation Example 1
Characteristics Evaluation of Compound 1

Evaluation of Thermal Characteristics of Compound 1

Thermal analysis of Compound 1 was performed using
thermo gravimetric analysis (1GA) and differential scanning,
calorimetry (DSC) (N, atmosphere, temperature range:
room temperature to 600° C. (10° C./min)-TGA, room
temperature to 400° C.-DSC, Pan Type Pt Pan in disposable
Al Pan (TGA), disposable Al pan (DSC)). The results are
shown 1 FIGS. 2 and 3. Referring to FIGS. 2 and 3,

Compound 1 1s found to have improved thermal stability.
Evaluation of Spectroscopic Characteristics of Compound
1
UV absorption and photoluminescence (PL) spectra of
Compound 1 were evaluated. The results are shown 1n FIG.
4. Four different graphs in FIG. 4 were obtained using the
following methods as shown 1n Table 1:

TABLE 1

“UV_solution” graph Compound 1 was diluted in CHCI; to a concentra-
tion
of 1 x 10™°M, and then UV absorption spectra
thereof

were measured using a Shimadzu UV-350
Spectrometer.

The dilution of Compound 1 in CHCI; to a
concentration of 1 x 10™M was coated on a glass
substrate, followed by thermal treatment at a
temperature of about 70° C. to remove solvent.
Subsequently, the resulting film was subjected to UV
absorption spectrum measurement using a Shimadzu
UV-350 Spectrometer.

The dilution of Compound 1 1n CHCI; to a
concentration of 1 x 10™M was subjected to
photoluminescence (PL) spectrum measurement
using an ISC PC1 Spectrofluorometer equipped
with a Xenon lamp.

The dilution of Compound 1 in CHCI; to a
concentration of 1 x 10™M was coated on a glass
substrate, followed by thermal treatment at a
temperature of about 70° C. to remove solvent.
Subsequently, the resulting film was subjected

to PL spectrum measuremen using an ISC PCl1
Spectrofluorometer equipped with a

Xenon lamp.

“UV_{ilm™ graph

“PL_solution” graph

“PL_film™ graph

UV absorption peak wavelengths and PL peak wave-
lengths of Compound 1 1n FIG. 4 are summarized in Table
2 below:
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TABLE 2

UV absorption peak wavelength,, .. (nm) PL peak wavelength,, . (nm)

UV solution
311

UV _film
318

PI. film
389

PI. solution
373

Referring to FIG. 4 and Table 2 above, Compound 1 1s
found to have appropriate spectroscopic characteristics for

use as a matenial for organic light-emitting devices.
Evaluation of Electrochemical Characteristics of Com-

pound 1
Electrochemical characteristics of Compound 1 were

measured using cyclic voltammetry (CV) (Electrolyte: 0.1
M Bu,NCIO,/Solvent: CH,Cl,/Electrode: 3-electrode sys-
tem (working electrode: GC, reference electrode: Ag/Ag(Cl,
auxiliary electrode; Pt)). The results are shown i FIG. 3.

Evaluation of HOMO and LUMO Energy Levels of
Compound 1

A lowest unoccupied molecular orbital (LUMO) energy
level of Compound 1 was calculated using a reduction onset
in FIG. 5. A highest occupied molecular orbital (HOMO)
energy level of Compound 1 was calculated using an optical
band gap (Eg) based on the UV absorption edge 1n FIG. 4.
The results are shown 1n Table 3.

TABLE 3
HOMO(eV) LUMO(eV) Eg(eV)
~7.07 ~3.72 3.35

Synthesis Example 2
Synthesis of Compound 2

Compound 2 was synthesized according to Reaction
Scheme 2 below:

Reaction Scheme 1

B
/
NH
N
‘ +
7 NI,
—_— O
Dimethylacetamide
Br \ / -
Cl
B
\I/
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‘ \ $ reflux
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H
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Compound 2
Compound 2 was synthesized in the same manner as in
Synthesis Example 1, except that 1.23 g (8.94 mmol) of

trichlorophosphine, instead of dichlorophenylphosphine
used to synthesize Compound 1, was used. Compound 2 was
identified using 'H NMR and mass spectroscopy.

Yield: 3.33 g, 42%
'H NMR (300 MHz, CD,Cl,, 8): 7.70-7.69 (d, 3H),
7.61-7.58 (m, 6H), 7.57-7.54 (m, 15H), 7.37-7.30 ppm (m,

15H): HRMS (FAB4+): calcd for C57H39N60P, 854.2923.
found, (M+H) 855.3004.

Evaluation Example 2

Characteristics Evaluation of Compound 1

Evaluation of Thermal Characteristics of Compound 2

Thermal analysis was performed on Compound 2 in the
same manner as in Evaluation Example 1. The results are

shown m FIGS. 6 and 7. Referring to FIGS. 6 and 7,
Compound 2 1s found to have improved thermal stability.

Evaluation of Thermal Characteristics of Compound 2

UV absorption and PL spectra of Compound 2 were
evaluated in the same manner as described in Table 1 of
Evaluation Example 1. The results are shown 1n FIG. 8. UV
absorption peak wavelengths and PL peak wavelengths of
Compound 2 are summarized in Table 4 below:
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TABLE 4

UV absorption peak wavelength,, .. (nm) PL peak wavelength,, . (nm)

UV solution
312

UV _film
315

PI. film
392

PI. solution
374

Referring to FIG. 8 and Table 4 above, Compound 2 1s
found to have appropriate spectroscopic characteristics for
use as a material for organic light-emitting devices.

Evaluation of FElectrochemical Characteristics of Com-
pound 2

CV characteristics of Compound 2 were evaluated in the
same manner as in Evaluation Example 1. The results are
shown 1n FIG. 9.

Evaluation of HOMO and LUMO Energy Levels of
Compound 2

A LUMO energy level of Compound 2 was calculated
using a reduction onset 1n FIG. 9. A HOMO energy level of
Compound 2 was calculated using an optical band gap (Eg)
based on the UV absorption edge in FIG. 8. The results are
shown 1n Table 3.

TABLE 5
HOMO(eV) LUMO(eV) Eg(eV)
—-7.01 —-3.65 3.36
Example 1

An organic light-emitting device having a structure of
“ITO/NPB (30 nm)/TCTA (10 nm)/CBP: 5 wt % Ir(ppy);
(30 nm)/Compound 1 (40 nm)/L1iF (1 nm)/Al (110 nm)” was
used as follows.

An ITO glass substrate (50x50 mm, 15€/[], available
from SAMSUNG-Corming) for OLED was ultrasonically
washed using distilled water and then 1sopropanol, followed
by UV ozone cleaning for about 30 minutes. The washed
glass substrate with transparent electrode lines attached was
loaded onto a substrate holder, and NPB(N,N'-bis(naphtha-
len-1-y1)-N,N'-bis(phenyl)benzidine) was deposited on an
I'TO electrode (anode) to form a hole mjection layer having
a thickness of about 30 nm, followed by deposition of TCTA

on the hole 1njection layer to form a hole transport layer
having a thickness of about 10 nm. CBP (host) and Ir(ppy),
(tris(2-phenylpyridine iridium(III)) (dopant, 5 wt %) were
co-deposited on the hole transport layer to form an emission
layer having a thickness of about 30 nm, followed by
deposition of Compound 1 to form an electron transport
layer having a thickness of about 40 nm. LiF was deposited
on the electron transport layer to form an electron 1njecting
layer having a thickness of about 1 nm, and Al was deposited
on the electron 1njection layer to form a cathode having a
thickness of about 110 nm, thereby completing the manu-
facture of the organic light-emitting device.

Comparative Example 1

An organic light-emitting device having a structure of
“ITO/NPB (30 nm)/TCTA (10 nm )/CBP: 5 wt % Ir(ppy),(30

nm)/Compound E1 (40 nm)/LiF (1 nm)/Al (110 nm)” was
manufactured in the same manner as 1n Example 1, except
that Compound E1 below, instead of Compound 1, was used
to form the electron transport layer.
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An organic light-emitting device having a structure of
“ITO/NPB (40 nm)/CBP: 5 wt % Ir(ppy), (30 nm)/Com-

pound 1 (10 nm)/Alg, (30 nm)/L1F (1 nm)/Al (110 nm)” was

manufactured as follows.
An ITO glass substrate (50x50 mm, 15€2/[ ], available

from SAMSUNG-Coming) for OLED was ultrasonically

washed using distilled water and then 1sopropanol, followed
by UV ozone cleaning for about 30 minutes. The washed

glass substrate with transparent electrode lines attached was
loaded onto a substrate holder, and NPB (N,N'-bis(naphtha-
len-1-y1)-N,N'-bis(phenyl)benzidine) was deposited on an
ITO electrode (anode) to form a hole mjection layer having
a thickness of about 40 nm, followed by co-deposition of
CBP (host) and Ir(ppy);(tris(2-phenylpyridine iridium(I1I))
(dopant, 5 wt %) on the hole injection layer to form an
emission layer having a thickness of about 30 nm. After-
ward, Compound 1 was deposited on the emission layer to
form a hole blocking layer having a thickness of about 10
nm. After deposition of Alg; on the hole blocking layer to
form an electron transport layer having a thickness of about
30 nm, LiF was deposited on the electron transport layer to
form an electron 1njecting layer having a thickness of about
1 nm, followed by depositing Al on the electron 1njection
layer to form a cathode having a thickness of about 110 nm,
thereby completing the manufacture of the organic light-
emitting device.

Comparative Example 2

An organic light-emitting device having a structure of
“I'TO/NPB (40 nm)/CBP: 5 wt % Ir(ppy); (30 nm)/Alqg, (40
nm)/LiF (1 nm)/Al (110 nm)” was manufactured 1n the same
manner as 1n Example 3, except that the hole blocking layer
including Compound 1 was not manufactured and the thick-
ness of the electron transport layer was 40 nm.

Example 3

An organic light-emitting device having a structure of
“ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % Ir(ppy),

(30 nm)/Compound 1 (10 nm)/Algq, (30 nm)/LiF (1 nm)/Al
(110 nm)” was manufactured as follows.
An ITO glass substrate (50x50 mm, 15€2/[ ], available

from SAMSUNG-Corming) for OLED was ultrasonically
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washed using distilled water and then 1sopropanol, followed
by UV ozone cleaning for about 30 minutes. The washed
glass substrate with transparent electrode lines attached was
loaded onto a substrate holder, and NPB(N,N'-bis(naphtha-
len-1-y1)-N,N'-bis(phenyl)benzidine) was deposited on an
I'TO electrode (anode) to form a hole injection layer having
a thickness of about 40 nm, followed by depositing TCTA on
the hole 1njection layer to form an electron blocking layer
having a thickness of about 10 nm. CBP (host) and Ir(ppy),
(tr1s(2-phenylpyridineiriddium(IIl)) (dopant, 5 wt %) were
co-deposited on the electron blocking layer to form an
emission layer having a thickness of about 30 nm, followed
by depositing Compound 1 to form a hole blocking layer
having a thickness of about 10 nm. After deposition of Alq,
on the hole blocking layer to form an electron transport layer
having a thickness of about 30 nm, LiF was deposited on the
clectron transport layer to form an electron injecting layer
having a thickness of about 1 nm, followed by depositing Al
on the electron injection layer to form a cathode having a
thickness of about 110 nm, thereby completing the manu-
facture of the organic light-emitting device.

Comparative Example 3

An organic light-emitting device having a structure of
“ITO/NPB (40 nm)/TCTA (10 nm)/CBP: 5 wt % Ir(ppy);
(30 nm)/Alg, (40 nm)/LiF (1 nm)/Al (110 nm)” was manu-
factured 1n the same manner as 1n Example 3, except that the
hole blocking layer including Compound 1 was not formed
and the thickness of the electron transport layer was 40 nm.

Comparative Example 4

An organic light-emitting device was manufactured 1n the
same manner as in Example 1, except that Compound A
below was used as an electron transport layer forming
material.

Compound A

/ \

O

OO0~

\

4
/

\

Comparative Example 5

An organic light-emitting device was manufactured 1n the
same manner as in Example 1, except that Compound B
below was used as an electron transport layer forming
material.

10

15

20

25

30

35

40

45

50

55

60

65

06

Compound B

Comparative Example 6

An organic light-emitting device was manufactured in the
same manner as in Example 1, except that Compound C

below was used as an electron transport layer forming
material.

Compound C

\ SN
alllgat®

Evaluation Example 3

Characteristics Evaluation of Organic
Light-emitting Devices

Driving voltages, luminances, external quantum ethicien-
cies, efliciencies, power efliciencies, EL. maximum peaks,
and color purities of the organic light-emitting devices of
Examples 1 to 3 and Comparative Examples 1 to 6 were

evaluated using the following methods. The results are
shown 1n Table 6 and Table 7.

Color coordinates were measured using a PR650 (Spec-
troscan) Source Measurement Unit. (available from Photo

Research, Inc.) with a supply of power using a Kethley
Source-Measure Umt (SMU 236).

Luminances were measured using a PR650 (Spectroscan)
Source Measurement Unit. (available from Photo Research,
Inc.) with a supply of power using a Kethley Source-

Measure Unit (SMU 236).

Efliciencies were measured using a PR650 (Spectroscan)
Source Measurement Unit. (available from Photo Research,
Inc.) with a supply of power using a Kethley Source-

Measure Unit (SMU 236).
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POWCET WcCrIcC measured.

devices of Comparative Examples

purity.

TABI E 6 What 1s claimed 1s:
1. A phosphine oxide-based compound represented by
Dl‘iViIlg External Formula 1 below:
voltage Luminance quantum
(V) (cd/m?) efficiency 5
(at 1 cd/m?) (Vmax) (%) (V)
Formula 1
3.5 33490 17.03 (Ar1)a 0
(13)" (5.5) / l_\ [ /—/\(Arz)f
4 72080 22.19 P
(14.5) (9) 10 / \ /
4 33040 3.85
(12.5) (8) 7
5 61030 11.45 ‘
(13) (10.5) XN
3.5 35770 5.45 (Ar2)p
(13) ©) =
4.5 71150 14.62 | | |
(12.5) (9.5) wherein Ar, to Ar; are each independently deuterium, a
5.5 38050 7.55 halogen atom, a hydroxyl group, a cyano group, a nitro
(14) (11) group, an amino group, an amidino group, hydrazine,
>3 39350 8.45 20 hydrazone, a carboxyl group or a salt thereot, a sulfonic
(14) (10.8) acid group or a salt thereot, a phosphoric acid group or
5 46520 8.94 : :
a salt thereof, a substituted or unsubstituted C,-Cg,
(13.5) (10) . ,
alkyl group, a substituted or unsubstituted C,-C, alk-
enyl group, a substituted or unsubstituted C,-C,, alky-
25 nyl group, a substituted or unsubstituted C, -C, alkoxy
TABLE 7 group, a substituted or unsubstituted C;-C, 5 cycloalkyl
. . group, a substituted or unsubstituted C;-C,, cycloalk-
Efficiency (cd/A)  Power efliciency EL peak enyl group, a substituted or unsubstituted C.-C, aryl
(at 1 cd/m*) (Lm/'W) (V) wavelength (nm) : .
group, a substituted or unsubstituted C.-C,, aryloxy
52.02 32.81 512 30 group, a substituted or unsubstituted C.-C,, arylthio
(5:5) (4.5) group, or an N-containing electron withdrawing group;
68.37 24.44 512 : . '
(9) (8.5) a, b and ¢ are each independently an integer from O to 5;
11.63 510 517 the sum of a, b, and ¢ must be greater than or equal to 1;
(8) (6.35) and
i’g-gg 11%75 °12 35  at least one of a number of Ar,s, b number of Ar,s, and
( 4 4:923 (1 4_)87 519 G number of Ar,s 1s an N-containing electron withdraw-
(9.5) (9.5) g 2roup,
69.98 25.87 512 wherein the N-containing electron withdrawing group 1s
(9.5) (9:3) selected from among;:
38.25 8.33 512 : :
(10.9) (10.2) 40  a subst%tuted or unsubst}tuted pyrrolyl group,
40.89 R 06 517 a substituted or unsubstituted pyrazolyl group,
(11.5) (10.5) an unsubstituted 1imidazolyl group,
41.3 9.2 >12 a substituted or unsubstituted imidazolinyl group,
(11.9) (11) U . o S
a substituted or unsubstituted 1imidazopyridinyl group,
. a voltage in volts (V) at which luminance, external quantum efficiency, efficiency, and 45 a substituted or unsubstituted lmldaZOpyI‘lmldlnyl Zroup,
a substituted or unsubstituted pyrazinyl group,
: .. e bstituted imidinyl
Referring to Tables 6 and 7, the organic light-emitting L BASTDSUHECE PYHILILICAIIT SIOUP;
. . a substituted benzoimidazolyl group,
devices of Examples 1 to 3 are found to have improved o , - :
- o 4 with th . Tioh o a substituted or unsubstituted imndolyl group,
characteristics as compared with the organic light-emitting 50 a substituted or unsubstituted purinyl group,
1o 6. a substituted or unsubstituted quinolinyl group,
As described above, according to the one or more embodi- a substituted or unsubstituted 1soquinolyl group,
ments of the present invention, a phosphine oxide-based a substituted or unsubstituted phthalazinyl group,
compound of Formula 1 above may have improved thermal a substituted or unsubstituted indolizinyl group,
stability and optical characteristics, and a low HOMO 55  a substituted or unsubstituted naphthyridinyl group.
energy level (i.e., with a large absolute of the HOMO energy a substituted or unsubstituted quinazolmyl group,
level). Therefore, an organic light-emitting device using the a substituted or unsubst}tuted ?mﬂOhﬂyl group,
phosphine oxide-based compound of Formula 1 may have a a substituted or unsubstituted indazolyl group,
low driving voltage, a high efficiency, and a high color a substituted or unsubst}tuted 1sothlazolyl SOUp;
60 a substituted or unsubstituted 1soxazolyl group,
‘ _ _ _ a substituted or unsubstituted triazinyl group,
While the pres'ent invention has been particularly §h0wn a substituted or unsubstituted oxadiazolyl group,
and described with reference to exemplary embodiments a substituted or unsubstituted pyridazinyl group,
thereot, 1t will be understood by those of ordinary skill in the a substituted or unsubstituted triazolyl group,
art that various changes in form and details may be made 65  a substituted or unsubstituted tetrazolyl group,
therein without departing from the spirit and scope of the a substituted or unsubstituted benzothiazolyl group, and
present mvention as defined by the following claims. a substituted or unsubstituted benzoxazolyl group.
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2. The phosphine oxide-based compound of claim 1,
wherein the N-containing electron withdrawing group 1s
selected from among;:

an unsubstituted pyrimidinyl group,

a substituted or unsubstituted pyrazinyl group,

a substituted or unsubstituted triazinyl group,

a substituted or unsubstituted quinolinyl group,

a substituted or unsubstituted 1soquinolinyl group,

a substituted benzoimidazolyl group,

a substituted or unsubstituted 1midazopyridinyl group,

a substituted or unsubstituted imidazopyrimidinyl group,

a substituted or unsubstituted benzothiazolyl group, and

a substituted or unsubstituted benzoxazolyl group.

3. The phosphine oxide-based compound of claim 1,
wherein the N-containing electron withdrawing group 1s
represented by one of Formulae 2C to 2L:

Formula 2C

PN

8 I - (Z1)e2
s
\N/

Formula 2D

NNy

* T (Z1)as3
(L

Formula 2E

Formula 2F

Formula 2G

Formula 2H

Formula 21
N \
—</ 1
N A
4
N Formula 2]
N
S
< \!/ (Z'l)ff]
$/\\/N\/
Formula 2K
N
( H%
\3 | (Zl)fjl
*A/N\/
Formula 21.
T \
*_<\ \“/\ (Z1)e1
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wherein 7, and 7, are each independently selected from
deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group and a
salt thereof, a sulfonic acid group or a salt thereol, a
phosphoric acid group or a salt thereot, a C,-C,, alkyl
group, a C,-C, alkenyl group, a C,-C,, alkynyl group,
a C,-C,, alkoxy group, a C,-C,, cycloalkyl group, a
C;-C,, cycloalkenyl group and a C,-C, aryl group; a
Cq-Cq, aryl group substituted with at least one of —F,
—CN, and a C,-C,, alkyl group; and a C.-C,, aryloxy
group, a C.-C., arylthio group and a C,-C, heteroaryl
group,

C, 1s an integer from O to 4;

C, 1s an integer of 0 to 3;

C, 1s an integer from O to 2;

c, 15 an integer of O to 6;

C. 1s an mnteger from O to 35; and

T, 15 O orS.

4. The phosphine oxide-based compound of claim 3,
wherein the 7, and Z, are each independently deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxylic group or a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, or a
phenanthrenyl group.

5. The phosphine oxide-based compound of claim 2,
wherein the N-contaiming electron withdrawing group 1s
represented by Formula 21 below:

Formula 21

Formula 21

N..._\/\

—</ @
"

N

2

wherein 7., 1s a phenyl group, a naphthyl group, an anthryl
group, or a phenanthrenyl group, and Z, 1s indepen-
dently selected from deuterium, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, an amino
group, an amidino group, hydrazine, hydrazone, a
carboxyl group and a salt thereot, a sulfonic acid group
or a salt thereof, a phosphoric acid group or a salt
thereot, a C,-C,, alkyl group, a C,-C,, alkenyl group,
a C,-Cg, alkynyl group, a C,-C,, alkoxy group, a
C;-C,, cycloalkyl group, a C4-C, 4 cycloalkenyl group
and a C.-C,, aryl group; a C.-C,., aryl group substi-
tuted with at least one of —F, —CN, and a C, -C, , alkyl
group; and a C,-C, aryloxy group, a C.-C,, arylthio
group and a C,-C, heteroaryl group; and

c, 1s an integer from 0O to 4.

6. The phosphine oxide-based compound of claim 1,
wherein at least two of the a number of Ar,s, the b number
of Ar,s, and the ¢ number of Ar,s are N-containing electron
withdrawing groups.

7. The phosphine oxide-based compound of claim 1,
wherein a, b, and c are all 1, and at least two of Ar,, Ar,, and
Ar; are N-containing electron withdrawing groups.

8. The phosphine oxide-based compound of claim 1,
wherein the phosphine oxide-based compound 1s a com-
pound represented by Formula 1A below:
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Formula 1A
T-Il

[

/

O
—
x

X

Aty

wherein Ar, to Ar, are each independently deuterium, a

halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxyl group or a salt thereof, a sulfonic
acid group or a salt thereotf, a phosphoric acid group or
a salt thereof, a substituted or unsubstituted C,-C,,
alkyl group, a substituted or unsubstituted C,-C,, alk-
enyl group, a substituted or unsubstituted C,-C,, alky-
nyl group, a substituted or unsubstituted C,-C, alkoxy
group, a substituted or unsubstituted C,-C, , cycloalkyl
group, a substituted or unsubstituted C;-C,, cycloalk-
enyl group, a substituted or unsubstituted C,-C, aryl
group, a substituted or unsubstituted C.-C,, aryloxy
group, a substituted or unsubstituted C,-C,, arylthio

group, or an N-containing electron withdrawing group;
and

at least one of Ar,, Ar,, and Ar, 1s an N-containing

clectron withdrawing group,

wherein the N-contaiming electron withdrawing group 1s

selected from among one of Formulae 2C to 2L.:

Formula 2C
N
I/ A
e | 1 (Zl)rﬁ

F
\N/

Formula 2D
R

Formula 2E

Formula 2F

Formula 2G

Formula 2H
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-continued

$_</N“‘“‘/\

Formula 21

——(£2)e1

N F

Formula 2J

(Zl)r:l

Formula 2K

(Z1)c1

Formula 2L

wherein 7, and 7, are each independently selected from
deuterium, a halogen atom, a hydroxyl group, a cyano
group, a nitro group, an amino group, an amidino
group, hydrazine, hydrazone, a carboxyl group and a
salt thereotf, a sulfonic acid group or a salt thereot, a
phosphoric acid group or a salt thereof, a C,-C,, alkyl
group, a C,-C, alkenyl group, a C,-C, alkynyl group.,
a C,-C,, alkoxy group, a C,;-C,, cycloalkyl group, a
C;-C,, cycloalkenyl group and a C,-C, aryl group; a
Cs-Cq, aryl group substituted with at least one of —F,
—CN, and a C,-C,, alkyl group; and a C.-C, aryloxy
group, a C.-C., arylthio group and a C,-C, heteroaryl
group;,

c, 1s an integer from O to 4;

C, 1s an integer of 0 to 3;

C, 1s an integer from O to 2;

c, 1s an integer of 0 to 6;

C; 1s an integer from O to 5; and
T,1s O orS.

9. The phosphine oxide-based compound of claim 8,
wherein 7, and 7., are each independently deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine, hydra-
zone, a carboxyl group and a salt thereof, a sulfonic acid
group or a salt thereof, a phosphoric acid group or a salt
thereof, a C,-C,, alkyl group, a C,-C,, alkoxy group, a
phenyl group, a naphthyl group, an anthryl group, or a
phenanthrenyl group.

10. The phosphine oxide-based compound of claim 8,
wherein at least two of Ar,, Ar,, and Ar, are N-containing
clectron withdrawing groups.

11. The phosphine oxide-based compound of claim 8,
wherein the phosphine oxide-based compound 1s a com-
pound represented by Formula 1A-(1):
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Formula 1A-(1)

ATy

wherein Ar,, Ar,, and Ar, are each independently selected

from among deuterium, a halogen atom, a hydroxyl
group, a cyano group, a nitro group, an amino group, an
amidino group, hydrazine, hydrazone, a carboxyl group
and a salt thereot, a sulfonic acid group or a salt thereof,
a phosphoric acid group or a salt thereot, a C,-C,, alkyl
group, a C,-C,, alkoxy group, a phenyl group, a
naphthyl group, an anthryl group, a phenanthrenyl
group, and groups represented by Formulae 2A to 2M,
wherein at least one of Ar,, Ar,, and Ar, 1s selected
from among groups represented by Formulae 2C to

2M:

Formula 2C

Formula 2D

Formula 2E

Formula 2F

Formula 2G

Formula 2H

Formula 21
N \
—</ 1
N S
/
Z
Formula 2J

| (Zl)r:l
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-continued
Formula 2K
SN
< l (Zl)r:S
=I=/\\/ N /

Formula 2L

e e I
\N/“\/

N X
7z 1—</N ‘ /— (Z2)c1
/

3

Formula 2M

wherein 7, and 7, are each independently deuterium, a
halogen atom, a hydroxyl group, a cyano group, a nitro
group, an amino group, an amidino group, hydrazine,
hydrazone, a carboxylic group or a salt thereof, a
sulfonic acid group or a salt thereot, a phosphoric acid
group or a salt thereolf, a C,-C,, alkyl group, a C,-C,,
alkoxy group, a phenyl group, a naphthyl group, an
anthryl group, or a phenanthrenyl group;

c, 1s an integer from 0O to 4;

C, 1s an integer of 0 to 3;

C, 1s an integer from O to 2;

C, 1s an mteger of 0 to 6;

C; 1s an integer from O to 5; and

T, 15 O orS.

12. The phosphine oxide-based compound of claim 1,

wherein the phosphine oxide-based compound 1s one of
Compounds 1 to 6 below:

Compound 1
N ‘|:|) N
) >*P‘< >—<\
N N
Compound 2

O
|

OO+
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Compound 3

Compound 4

Compound 5

/=N

O

10

20

25

30

35

40

45

50

55

76

-continued
Compound 6

N%/NOJ%\_% ]

13. The phosphine oxide-based compound of claim 1,

wherein the phosphine oxide-based compound has a highest

occupied molecular orbital (HOMO) energy level of about
7.0 eV or less.

14. An organic light-emitting device comprising:

a first electrode;

a second electrode disposed opposite to the first electrode;
and

an organic layer disposed between the first electrode and
the second electrode and comprising an emission layer,

wherein the organic layer comprises at least one of the
phosphine oxide-based compounds of claim 1.

15. The organic light-emitting device of claim 14, wherein

the organic layer further comprises at least one of a hole
injection layer, a hole transport layer, a functional layer
having both hole 1njection and hole transport capabilities, a
bufler layer, and an electron blocking layer between the first
clectrode and the emission layer.

16. The organic light-emitting device of claim 14, wherein

the organic layer further comprises at least one of a hole
blocking layer, an electron transport layer, a functional layer
having both electron injection and electron transport capa-
bilities and an electron injection layer between the emission
layer and the second electrode.

17. The organic light-emitting device of claim 16, wherein

the organic layer further comprises an electron transport
layer between the emission layer and the second electrode,
and the electron transport layer comprises at least one of the
phosphine oxide-based compounds.

18. The organic light-emitting device of claim 17, wherein

the electron transport layer further comprises a lithtum (Li)
complex.

19. The organic light-emitting device of claim 16, wherein

the organic layer further comprises a hole blocking layer and
an e¢lectron transport layer between the emission layer and
the second electrode, and the hole blocking layer comprises
at least one of the phosphine oxide-based compounds.

t
C

20. The organic light-emitting device of claim 14, wherein
ne emission layer comprises a host and a dopant, and the
opant 1s a phosphorescent dopant emitting light based on

t

ne mechanism of phosphorescence.

G ex x = e
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